We have developed a "saridwich"-type immunoradiometnc assay for corticotropin (ACTH), with a detection limit of 2 ng/L. Two antibodies are used: a mouse monoclonal antibody directed against ACTH[1-17] and labeled with 1251; and a purified polyclonal goat antibody directed against ACTH[34-39] and conjugated to biotin. We could separate 1251-Iabeledantibody bound to ACTH from 1251-Iabeledantibody not bound to ACTH by using an avidin-biotin bridge, with avidin bound to a polystyrene ball. system. The first radioimmunoassay for corticotropin, described in 1968 by Berson and Yalow (1), was an equilibrium-type assay, in which the ACTH to be quantified competed with radioiodinated ACTH for a limited number of antibody-binding sites. Most of the immunological assay systems described during the 1960's to 1980's were of this equilibrium type.
dioimmunoassay for corticotropin, described in 1968 by Berson and Yalow (1) , was an equilibrium-type assay, in which the ACTH to be quantified competed with radioiodinated ACTH for a limited number of antibody-binding sites. Most of the immunological assay systems described during the 1960's to 1980's were of this equilibrium type.
Later, another type of immunoassay, the immunoradiometric assay, a nonequilibrium or "sandwich"-type assay, was developed (2,3), in which excess amounts of antibodies were used to bind all of the hormone to be quantified, and any antibody bound to the hormone was separated from labeled antibody not bound to hormone by a solid-phase technique.
Theoretically, this technique
had advantages of much greater sensitivity and shorter reaction times, because reagents are used in excessrather than in limiting quantities; however, this technique had limited specificity, because only polyclonal antibodies were then available.
With the advent of monoclonal antibodies, the obvious step of applying monoclonal antibodies to the sandwich-type assay was made, and several laboratories developed such assays for pituitary hormones (e.g., 4-11). Only one such assay for determining corticotropin has been published, and it involves a laborious sucrose-layering technique to sepa- 
Materials and Methods

Hormones
The reference corticotropin preparation used in all assays was human ACTH[1-39} (Peninsula Laboratories, Belmont, CA). ACTH-related synthetic peptides were obtained from Bachem Inc., Torrance, CA.
Antibody Selection
Polyclonal antibodies against ACTH were prepared by immunization of goats with ACTH conjugated to keyhole-limpet hemocyanin with glutaraldehyde. These polyclonal antibodies were immunopurified by passage through a column of agarose (Sepharose) conjugated to ACTH [34] [35] [36] [37] [38] [39] . Monoclonal antibodies against ACTH were obtained from commercial sources. Pairs of monoclonal and purified polyclonal antibodies were systematically assessed for reaction in sandwich-type assays as described previously (12). Those pairs that reacted with each other-that is, showed no steric hindrance to such reaction-were further studied for affinity of binding. Those showing the greatest affinity in a sandwich-type assay system were then studied in detail, so we could optimize the amounts of each antibody to use, the assay time, and the compositions of assay buffers.
Separation of Bound and Free Antibodies
For the immunoradiometric assay, we separated bound from free antibody by using the avidin-biotin polystyreneball technique we described previously for assay of thyrotropin (12). To characterize individual antibodies or polyclonal antisera, we used an equilibrium-type assay. In the latter assays with '2I-labeled ACTH, we used a secondantibody to separate bound from free hormone. For assays involving mouse monoclonal antibodies, rabbit anti-mouse immunoglobulin was used as the second antibody; for the polyclonal antisera, we used rabbit anti-goat immunoglobulin. For the immunoradiometric assay, the monoclonal antibody was labeled with 1251 by use of a modified Chloramine T method (15). The purified polyclonal antibody was conjugated to biotin as we have described previously (12). For the completed ACTH sandwich-type 
Results
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Discussion
The first immunoassay for ACTH was described in 1968 by Berson and Yalow (1). This equilibrium-type assay, reported to have a sensitivity of 1 ng/L, was applicable to quantify ACTH in unextracted human plasma. However, most subsequently described assays did not have such sensitivity and required sample concentration by extraction of the plasma before ACTH could be measured in normal persons (16) (17) (18) (19) (20) (21) . In 1984, Nicholson et al. (21) described an equilibrium-type assay with an incubation time of 2.5 days that could detect 5 ng of ACTH per liter with an intra-assay coefficient of variation of 4.6% to 13.2% at concentrations of 15,60, and 125 ng/L. As discussed earlier, the nonequilibrium sandwich-type assays in which excessreagents are used have the advantages of even greater sensitivity and shorter incubation times without sacrifice of precision. In 1987, this method was first applied to quantification of ACTH by White et al. (11). This assay had a sensitivity of 3.5 ngfL and an intra-assay coefficient of variation of 5.9%. It was performed with 20 h of incubation, and bound antibody was separated from free by a sucrose-layering technique (11).
In the present immunoradiometric assay for ACTH we use one monoclonal antibody labeled with 1251 and a purified second polyclonal antibody conjugated to biotin and bound to a polystyrene ball by an avidin bridge (12). Bound and free antibody are separated by simply washing the ball. This
